Enhancing the production of tacrolimus by engineering target genes identified in important primary and secondary metabolic pathways and feeding exogenous precursors.
Tacrolimus has been widely used as a powerful novel immunosuppressant. The objective of this study was to improve the production of tacrolimus by engineering the target genes of important primary and secondary metabolic pathways and feeding exogenous precursors. Based on the metabonomics analysis, the shikimic acid pathway is an important primary metabolic pathway for the producing tacrolimus. Combined overexpression of shikimate kinase and dehydroquinic acid synthetase genes led to a 33.1% enhancement of tacrolimus production compared to parent strain. To predict the most efficient targets in secondary metabolic pathways for improving the production of tacrolimus, a genome-scale dynamic metabolic network model was used. A knockout of the D-lactate dehydrogenase gene, combined with the overexpression of tryptophane synthase and aspartate 1-decarboxylase genes, led to a 29.8% enhancement of tacrolimus production compared to the parent strain. Finally, we investigated the impact of the genetic manipulations on transcription levels, cell growth, cell morphology and production of tacrolimus by qRT-PCR and scanning electron microscopy to reveal the relationship between the growth of strains, the effects of engineering and fermentation. As the efficient synthesis of tacrolimus requires a rich supply of external substrates, the efficiency of the metabolic pathways that convert these substances is extremely important. The combined addition of three external substrates such as shikimic acid, alanine and the n-dodecane increased tacrolimus production by 49.5%. The insights obtained in this study will help further elucidate the mechanisms by which the identified target genes promote the activity of important primary and secondary metabolic pathways for tacrolimus biosynthesis and provide a new feeding strategy to improve tacrolimus production.